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1. Introduction 
There is now considerable evidence that in certain 
regions of the central nervous ystem neurons exist 
which bear adrenoceptors, activation of which alters 
the cyclic AMP level within the cell [1-3Iv. Recently. 
a relationship between oradrenaline-induced 
formation of cyclic AMP in rat brain cortex and 
behavior has been reported [4]. Since dihydroego- 
toxin (Hydergine (~) is effective in the treatment of 
disturbances in behavior occurring in elderly people, 
the effect of the drug on central catecholamine 
activity has been investigated and compared with 
the effects ofphentolamine and pindolol. 
Experiments were performed in the rat; rat cerebral 
cortex, like human cortex, is more sensitive than 
that of many other species to the stimulant effects 
of noradrenaline [5-7].  
2. Materials and methods 
2.1. Chemicals 
L-noradrenaline-bitartrate w s obtained from 
Hoechst and 1-isoproterenol HCI from Sigma. Phentol- 
amine HC1 was a gift from Ciba-Geigy. D,L-Pindolol 
and dihydroergotoxin mesilate came from Sandoz. 
2.2. Tissue preparation and incubation procedure 
Young male rats (Sandoz-Wistar) weighting approx. 
100 g were sacrificed by decapitation. In each experi- 
ment, cortical tissue, obtained from 4 rats, was 
chopped into pieces of approx. 0.34 mm X 0.34 mm 
X 1 mm and suspended in Krebs-Ringer bicarbonate 
buffer at 30°C (50 mg tissue/ml). The suspension 
was gently stirred and gassed with a mixture of 95% 
0: -5% CO: and incubated for a period of 35 min 
in order to stabilize intracellular cyclic AMP levels. 
Aliquots of suspension were transferred into incu- 
bation vessels containing fresh medium and incubated 
for further 15 min. Noradrenaline or isoproterenol 
in concentrations between 10-TM and 10 -4 M was 
added and the reaction stopped 8 min later by 
homogenizing aliquots from each vessel with cold 
0.4 N HCIO4. The protein was separated from the 
homogenate by centrifugation. The supernatant was 
neutralized with KI-ICO3 and the cyclic AMP content 
determined by a solid phase protein binding assay 
[8]. The measured cyclic AMP values were correlated 
with the protein content which was determined by 
the biuret method. No cyclic AMP could be detected 
in samples treated with cyclic AMP-phosphodiesterase, 
providing evidence for the identity of the measured 
values of cyclic AMP. 
3. Results 
Both noradrenaline and isoproterenol caused ose- 
dependent increases in the cyclic AMP content (fig. 1). 
The maximum increase obtained with noradrenaline 
(10 -s M) was between 20 and 30 pmol/mg protein, 
whereas isoproterenol increased the level of cyclic 
AMP by a maximum of only 10--15 pmol/mg 
protein at 10 -6 M. Higher concentrations or incu- 
bation periods in excess of 8 min caused ecreases in
cyclic AMP content. A second series of experiments 
were performed in which noradrenaline 5 X 10 -6 M 
or isoproterenol 5 X 10 -7 M was added to the incu- 
bation mixture in the presence of varying concen- 
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trations o f  dihydroergotoxin,  phento lamine and 
pindolol. 
Dihydroergotoxin i hibited the st imulant effect of  
noradrenaline by approximately 50% at a concentrat ion 
of  10 -8 M and by approximately 80% at a concen- 
tration at 10 -6 M, but had no significant effect on 
the increases in cyclic AMP induced by isoproterenol 
(table 1). With the a-adrenoceptor  blocking agent, 
phentolamine,  50% inhibit ion of  the response to 
noradrenaline was obtained at 10-7 M and approxi- 
mately 80% inhibit ion at 10 -6 M; a weak inhibitory 
effect on responses to isoproterenol ccured at the 
highest concentrat ion.  In contrast,  the/3-adrenoceptor 
blocking agent, pindolol,  inhibited responses to both  
noradrenaline and isoproterenol dose-dependent ly,  
Fig. 1. The effect of various concentrations of noradrenaline 
(NA) and isoproterenol (ISP) on cyclic AMP content (pmol/ 
mg protein) in slices of rat brain cortex. Each value is the 
mean ± s.c. of three experiments. 
Table 1 
Cyclic AMP content (pmol/mg protein) in slices of rat brain cortex after stimulation 
by noradrenaline (NA) and isoproterenol (ISP) in the presence of various 
concentrations of dihydroergotoxin, phentolamine and pindolol. 
Concentration Dihy dro- 
(NA) ergotoxin Phentolamine Pindolol 
0 0 9.9 -+ 1.0 9.3 ± 0.8 11.0 ± 0.7 
5 • 10 -6 M 0 32.0 ± 2.3 30.0 ± 1.3 31.0 ± 2.0 
5 - 10 -6 M 10 -9 M 30.5 ± 3.0 28.8 ± 1.3 23.7 ± 1.0 
5 • 10 -6 M 10 -8 M 21.7 ± 1.0 22.2 ± 0.7 18.8 _+ 1.0 
5 - 10 -6 M 10 -7 M 17.6 ± 0.8 19.5 ± 0.8 12.0 ± 0.7 
5 • 10 -6 M 10 -4 M 13.0 ± 1.1 13.4 ± 0.6 10.0 ± 0.7 
Concentration Dihydro- 
(ISP) Antag. ergotoxin Phentolamine Pindolol 
0 0 10.9-+ 1.3 1.9 ± 1.3 11.4 ± 1.7 
5 • 10 -7 M 0 24.i ± 0.7 24.1 ± 0.7 28.8 ± 1.0 
5 • 10 -7 M 10 -s M 24.0 ± 2.7 20.2 ± 2.8 21.6 ± 2.3 
5 • 10 -7 M 10 -7 M 22.7 ± 1.5 20.1 ± 2.0 12.0 ± 1.7 
5 - 10 -7 M 10 -7 M 20.8 ± 2.6 19.7 ± 0.4 10.9 ± 3.4 
Each result with NA is the mean _+ s.e. of 9 experiments and each result with ISP the 
mean -+ s.e. of 3 experiments. 
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complete blockade of the effects of both agonists 
occurred at a concentration of 10 -7 M. 
4. Disucssion 
These experiments show that/3-adrenoceptors in 
rat cortical tissue have similar characteristics to those 
present in the periphery. They can be stimulated by a 
selective/3-adrenoceptor ag nist, isoproterenol, and 
the effect can be antagonised only with a selective/3- 
adrenoceptor blocking agenL On the other hand the 
noradrenaline r ceptors appear to differ from ct-recep- 
tors in the periphery in that the increase in cyclic AMP 
induced by noradrenaline can be antagonised both by 
ct- and/3-adrenoceptor antagonists at similar concen- 
trations. The results how in addition that dihydroergo- 
toxin has a high affinity for central noradrenaline 
receptors. It is conceivable that this effect may be 
related to its therapeutic action in man. 
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